The interplay between consistent individual differences in behavior (i.e., animal personality) and behavioral plasticity has recently attracted increased interest. We used male Australian field crickets (Teleogryllus oceanicus) to investigate how dominance status influences the consistency and plasticity of different personality traits, namely boldness, exploration, and activity, by experimentally manipulating dominance status between measuring sessions. We found that dominants that became subordinate when socially challenged, shifted their behavior, becoming less bold, explorative, and active, whereas subordinates that became dominant, became bolder, more explorative, and more active. Individuals that experienced no change in dominance status did not alter their behavior. Changes in dominance status reduced the repeatability of the putative personality traits of exploration and activity while not affecting the repeatability of boldness. Moreover, changes in dominance status affected the presence of correlations between some personality traits, but not others. Finally, calling behavior was related to current and future dominance and explorative tendencies. We discuss the broader evolutionary and ecological implications of our findings and propose that changes in social status should be considered when investigating behavioral syndromes and the interplay between animal personality and behavioral plasticity.
INTRODUCTION
Individuals within a group or population often differ consistently from one another behaviorally and exhibit within-individual stability (i.e., repeatability) of behaviors over time and/or across situations . Different terms have been used to describe these consistent between-individual behavioral differences, including temperament, tendencies, strategies, or coping styles, and are comparable to the so-called personality types in humans (Pervin and John 1999) . Therefore the term "animal personality" (or simply "personality") is now commonly used when describing consistent, repeatable behaviors in animals. The presence of personalities is well established in the literature and has been observed in many phyla, including chordata (e.g., Bókony et al. 2012) , arthropoda (e.g., Wilson ADM et al. 2009 ), cnidaria (e.g., Rudin and Briffa 2012) , and mollusca (e.g., Sinn and Moltschaniwskyj 2005) . Individuals can exhibit a range of behaviors that lie somewhere on a continuum of possible response levels along various axes such as shyness-boldness, exploration-avoidance, or active-docile, leading to "behavioral types" (Bell 2007) . Among-individual correlations in behaviors across contexts (functional behavioral categories such as mating, exploration, antipredator, or contest contexts) may also exist, leading to "behavioral syndromes" Bell 2007) . This has critical evolutionary and ecological implications, as behavior in one context may be linked to the way an individual behaves in another. In a landmark study, Huntingford (1976) found that boldness toward a predator was correlated positively with the degree to which male three-spined sticklebacks (Gasterosteus aculeatus) are territorially aggressive. More recently, Sih et al. (2003) found that the time streamside salamander (Ambystoma barbouri) larvae spent outside a refuge in the absence of a predator cue was positively correlated with the time spent outside a refuge in the presence of the cue. Wilson AJ et al. (2009) found positive correlations across mating, exploration, and antipredatory behaviors in European house crickets (Acheta domesticus), whereas Kortet and Hedrick (2007) found that intrasexual aggression in field crickets (Gryllus integer) was correlated with activity in a novel environment.
The existence of such behavioral correlations among individuals suggests that behaviors in different contexts may not evolve independently but as suites (Price and Langen 1992; . Behavioral syndromes may therefore impose constraints on the evolvability of individual behaviors if those behaviors are underpinned by genetic correlations, as selection on one behavior in a certain context may affect selection on other behaviors in other contexts. Indeed, a meta-analysis of additive genetic variance-covariance matrices found that behavioral syndromes potentially constrain evolutionary responses by an average of 33% (as opposed to 13-18% for life-history or morphological syndromes, Dochtermann and Dingemanse 2013) . Behavior is often viewed as a flexible phenotypic trait that allows individuals to react quickly to environmental stimuli (e.g., Relyea 2001; Duckworth 2010) . However, the existence of behavioral syndromes may limit behavioral plasticity to some degree, resulting in individuals only expressing a subset of the full range of behaviors present in a population. Additionally, behaviors that seem maladaptive may arise because individuals may not always be able to react optimally in different contexts as a consequence of genetic correlations. For example, several studies have linked bold, proactive behavior to the ability of individuals to sire more offspring and gain better access to resources, but such behaviors may also result in increased predation risk and lowered survival Stamps 2007; Smith and Blumstein 2008) . The interplay between consistent between-individual behavioral differences and behavioral plasticity is attracting increased interest (e.g., Dingemanse et al. 2010; Mathot et al. 2011) but is yet to be fully understood and is the central focus of this study. There are 4 possible scenarios that describe how plasticity and consistent between-individual differences in behaviors can interact ( Figure 1 ): 1) no plasticity in mean population response levels but consistent between-individual differences (i.e., rank-order between individuals is maintained) across time/situations, 2) no plasticity in mean population response levels and no consistent between-individual differences (i.e., rank-order between individuals is disrupted) across time/situations, 3) plasticity in mean population response levels and consistent between-individual differences, and 4) plasticity in mean population response levels without consistent between-individual differences (Briffa et al. 2008; Dingemanse et al. 2010) .
Social interactions appear to be important environmental stimuli that shape personality in many species (e.g., McNamara et al. 2009; Dahlbom et al. 2011) . Here, we focus on one such interaction, namely dominance status. The relationship between dominance and personality traits such as exploratory behavior or boldness is complex. Generally, dominant individuals appear to be more explorative and/or bold (e.g., Colléter and Brown 2011; Dahlbom et al. 2011 ), but this is not always the case. In great tits (Parus major), dominant territorial males explore novel environments more quickly than do subordinate males, but this is reversed for non-territorial juveniles (Dingemanse and de Goede 2004) . In jackdaws (Corvus monedula), dominant individuals were less likely to enter a novel area (i.e., less bold) than subordinate individuals (Katzir 1983) . The use of different foraging tactics has been suggested as an explanation for such observations (Giraldeau and Beauchamp 1999) . For example, in some species with strict dominance hierarchies, dominant foragers are able to use the scrounger tactic while relying on subordinates to find resources (e.g., Zanette and Ratcliffe 1994) .
Here, we examine both behavioral plasticity and animal personality by investigating the way in which dominance status affects between-individual behavioral differences in the Australian field cricket Teleogryllus oceanicus. This species provides a good model because field crickets have previously been used in studies investigating personalities and behavioral syndromes, by measuring behaviors such as emergence from a shelter after a disturbance, activity and movement in novel environments, and aggression toward conspecifics (e.g., Hedrick 2000; Kortet and Hedrick 2007; Niemelä et al. 2012) . Furthermore, it has been shown that short-term changes in dominance status (dominant males losing contests to other dominants) cause dominant T. oceanicus males to change their cuticular hydrocarbon profile to more closely resemble subordinate males (Thomas and Simmons 2011) . Thus, we examine how changes in dominance status across measuring sessions affect both behavioral plasticity and consistency in between-individual behavioral differences in the short term (e.g., Figure 1 ). Finally, we use our data to explore the presence of correlations between different personality traits, thus implying the existence of behavioral syndromes.
METHODS

Study population
Experimental animals were from a large (>500) laboratory stock population derived from Carnarvon (Western Australia), with freshly collected individuals from the field added annually. The stock is maintained in a temperature-controlled room (26 °C) with a 12-h:12-h light:dark cycle. Food and water were provided ad libitum. Only males were used in these experiments. Males were separated into individual plastic containers (7 × 7 × 5 cm) at the 3rd or 4th instar stage. After their final molt, individuals were given 14 days before being used in experiments to ensure they were sexually mature and would thus display aggressive intrasexual behavior. Behavioral experiments were conducted in a temperature-controlled room (26 °C) under dimmed red light to ensure maximal activity levels and minimal disturbance from the observer.
Initial dominance rank
Male fighting ability was determined using methods similar to those described in Shackleton et al. (2005) and Thomas and Simmons (2009) . Blocks of eight males each (58 blocks in total or 464 individuals) were established so that the age difference (days past adult eclosion) was ±2 days. In each block, male dominance was assessed in 3 rounds of fights. One cricket was placed on either side of a cardboard divider placed in the middle of a plastic container (16 × 10 × 9 cm) filled with approximately 0.5 cm of sand. Crickets were then given 1 min to settle before removing the divider which initiated aggressive behaviors. The contest was considered lost by the individual that displayed avoidance behavior toward the other (Thomas and Simmons 2009 
Behavioral trials
Experimental setup (Figure 2 ) for the behavioral trials consisted of two shelters cut from polyvinyl chloride pipe (height: 8.5 cm; diameter: 8 cm) located in opposite corners of a 31-cm deep plastic trough (38 × 52 cm at top, 32 × 46 cm at base). One of the shelters was fitted with a movable door that could be opened from outside the trough by pulling a piece of string. The 2nd shelter had a similar, but constantly open door. The base of the trough was covered with fine sand (ca. 2 cm deep). A video camera (Panasonic WV-CL930), connected to a desktop PC, was installed 80 cm above the base of the arena to film the crickets while in the arena. EthoVision v8.5 was used to track and analyze cricket movement. In EthoVision, 3 areas within the arena were defined in order to assess different behaviors: "near" was defined as the area within a 9 cm radius of the shelter in which the cricket was initially placed, "far" was defined as the area within a 9 cm radius of the 2nd shelter, and "middle" was defined as the area between "near" and "far" (see Figure 2) . EthoVision enabled the quantification of the following behaviors: latency to emerge from the shelter, initiated once the whole body of the cricket was outside the shelter; distance moved within the arena; time spent within the arena generally as well as each predefined area; the latency to reach the farthest area from the shelter; the average velocity of the cricket while outside the shelter; the time spent moving, defined as any movement >0.3 cm/s; and the proportion of time spent moving >0.3 cm/s versus not (or very slowly) moving (<0.3 cm/s). Additionally, we recorded whether or not crickets produced calling song at any point during the trials. Behavioral trials were initiated immediately after determining individual dominance status. Prior to the onset of each trial, an individual was placed inside the shelter with the movable door closed. The shelter was then tapped for 10 s using a plastic rod to startle the crickets. Thirty seconds after tapping stopped, the shelter door was carefully opened, marking the onset of the trial. Individuals were allowed 10 min to emerge from the refuge. If a cricket did not emerge after 10 min, the trial was considered concluded for that individual. For crickets that did emerge, EthoVision started tracking their movement on emergence. Tracking was terminated 10 min after crickets first emerged from the shelter. Time spent inside shelters after crickets exited the first shelter for the first time was not included in the analysis because it is the inverse of the time spent in the arena. Crickets rarely entered the 2nd shelter (49 of the 232 trials) and if they did, only for short period of time (average of 12.6 s).
Social challenge
After obtaining initial dominance status and quantifying behavior in the arena, males underwent a social challenge in which dominant (D) individuals fought against a dominant individual from another block, whereas subordinate (S) individuals fought against a subordinate individual. This resulted in half of the dominants remaining dominant (DD), whereas the other half switched to being subordinate (DS). Likewise, half of the subordinate individuals after the initial round of fights remained subordinate (SS), whereas the other half switched to being dominant (SD). Behavior in the arena was then remeasured approximately 15-25 min after social challenge as described previously.
Statistical analyses
Behavioral measures were grouped into different behavioral categories as follows: "Boldness" was represented by only one measure: latency to emerge from shelter after disturbance (hereafter referred to as boldness). Boldness, generally defined as an individual's response to a risky situation (Carter et al. 2013) , is sometimes equated to antipredatory behavior in the literature (e.g., Wilson ADM et al. 2009 ). Here, we refer to the reaction of crickets to a disturbance as boldness (and not antipredatory behavior), because we cannot be certain that this stimulus is perceived as a predator cue. All other behavioral measures were taken after crickets had left the shelter and were in an open arena. A principal components analysis was performed based on the correlation matrix of the behavioral measures recorded for each individual in both trials (before and after social challenge). The axes of variation were not rotated, and scores on axes with eigenvalues >1 were extracted (Table 1 ). This resulted in 2 principal components. Distance moved, latency to "far," time spent "middle," time spent "far, " average velocity, and time spent moving all loaded most strongly onto the first principal component (PC1) which will be considered as a measure of "activity" henceforth. Time "near" and the proportion of moving versus not moving loaded most strongly on the second principal component (PC2) and will be considered as a measure of "exploration." Since a high score on PC2 equates to a more time "near" and a lower proportion of time spent moving (Table 1) , the score indicates how "unexplorative" a cricket is. We therefore reverse signed PC2 to ease interpretation.
A total of 116 crickets (58 dominants and 58 subordinates) were used and tested in the arena twice (before and after social challenge, resulting in individuals that were DD, DS, SS, or SD), yielding 232 trials. Crickets failed to emerge from their shelter in 17 of the 232 trials (7.3%), 9 of them before and 8 after the social challenge. For boldness, all crickets were included in the statistical analyses and those that did not emerge were assigned the maximum time allowed for emergence (600 s). Individuals were considered missing values if they did not emerge from the shelter or failed to express a behavior within "exploration" or "activity" (e.g., failed to move to the "far" area of the arena). This was the case in 55 of the 232 (25.4%) trials (28 before and 27 after the social challenge). Consequently, sample size was lower for exploration and activity (177 overall, 88 before and 89 after the social challenge) than for boldness (232, 116 before and 116 after the social challenge). Sample sizes of exploration and activity were further reduced whenever differentials between before and after measures were used in the analyses. A differential could only be obtained if a cricket emerged and expressed all behaviors within "exploration" and "activity" both before and after the social challenge. Whenever differentials were used, exploration and activity sample size was 75.
Behavioral differences between dominants and subordinates after the initial dominance ranking were assessed using a series of independent samples t-tests. To investigate the effects of dominance profile after the social challenge (DD, DS, SS, and SD) on individual behaviors, we ran univariate generalized linear models for each behavioral trait (latency to emerge for boldness and principal component scores for exploration and activity). For boldness, the dependent variable was determined by calculating the difference between the latency to emerge before and after the social challenge (after minus before). For exploration and activity, the difference was calculated in the same manner using the principal component scores. The dominance profile was defined as the fixed factor and size as the covariate. Post hoc comparisons using Fisher's least significant difference were used to determine whether behaviors differed significantly when comparing individuals that did not switch dominance status (DD and SS respectively) to individuals that experienced a change in dominance status (DS and SD respectively). Equality of variance assumptions were met.
Between-individual correlations across behaviors (i.e., behavioral syndromes) were assessed using nonparametric Spearman's rank correlation tests (r s ) between boldness and activity (PC1) as well as boldness and exploration (PC2) (per suggestions and examples in Huntingford 1976; Bell 2007) . Correlations between activity and exploration cannot be assessed, because the PCs that describe these traits are by definition uncorrelated. Before and after social challenge measures were assessed separately, with the after measures split into individuals that did not change dominance status and individuals that did. Fisher r-to-z transformation was used to assess the significance of the difference between the correlation coefficients for individuals that did not change dominance and those that did. The repeatability (or intraclass correlation coefficient [ICC]) of behaviors before and after the social challenge were calculated from the variance components obtained from linear mixed models using the R package rptR (Nakagawa and Schielzeth 2010) . Repeatability of behaviors includes both intra-individual correlations and interindividual variation. An increase in intra-individual correlation and/or inter-individual variation will result in higher repeatability. Individual identities were treated as factorial predictors and thus the mixed model-derived ICCs that explain the proportion of total variance accounted for by differences among individuals (Nakagawa and Schielzeth 2010) . To compare the repeatabilities of individuals that experienced changes in dominance status with individuals that did not, we calculated the 84% confidence intervals around repeatability estimates within the different behavioral traits. We used 84% confidence intervals because two nonoverlapping 95% confidence intervals may not be significantly different at the 0.05 level. When adjusting the confidence levels to 1.39 times the standard errors (SEs), or 84%, the 0.05 significance level can be visualized by the nonoverlap criterion (Goldstein and Healy 1995) .
To further explore the effect of dominance on behavioral variation, we fitted mixed-effects models with only random intercepts for individual identity and compared the variance components to a model with dominance fitted as a fixed effect. The amount of among-individual differences explained by dominance status was then represented by the reduction in among-individual variance. Similarly, we were able to estimate the amount of within-individual variation explained by dominance status by looking at the residual variances.
Size measures
An estimate of body size was obtained by transferring stills from the video footage to ImageJ 1.49v and measuring the length of each cricket twice. A high degree of repeatability between the two measures was found (average measure ICC: 0.997; F 115,115 = 301.71, P < 0.001), and the average of the two measures was therefore used as the indicator of individual size. Mean ± SE length of all individuals was 3.39 ± 0.02 cm.
RESULTS
Dominants versus subordinates before social challenge
Most males (107 of the 116 or 92%) emerged from the shelter within 10 min. Although size did not differ significantly between dominant and subordinate males, there were significant differences in latency to emerge between dominants and subordinates, with dominants emerging more quickly than subordinates. Additionally, dominants being more explorative and active than subordinates (Figure 3 ).
Changes in behavior after a social challenge
There were significant changes in behavior after a social challenge that depended on the outcome of that challenge (Figure 4) .
Post hoc analyses revealed that in all cases, behaviors of individuals that did not experience a change in dominance status (DD and SS) were unaltered after the social challenge, whereas those that switched dominance status (DS and SD) altered their behaviors after the social challenge (Figure 4) . A change from subordinate to dominant (SD) resulted in reduced time to emerge from the shelter and increased explorative and active behaviors after the social challenge. A change from dominant to subordinate (DS) resulted in increased time to emerge and decreased explorative effort and activity after the social challenge. Size had no significant effect in any of these models.
For boldness, exploration, and activity, the amount of betweenindividual variation explained by dominance status was 4.38%, 15.24% and 12.87%, respectively, whereas the amount of withinindividual variation explained by dominance status was 1.81%, 5.90%, and 6.76%, respectively.
Calling behavior
Dominant crickets were significantly more likely to produce calling song during trials prior to the social challenge than were subordinates. A total of 12 of the 116 males called, 10 of which were Differences between dominant (D) and subordinate (S) males before the social challenge using independent samples t-tests. (a) Dominants were no larger (t 114 = 1.11; P = 0.27) but were (b) significantly bolder (t 114 = −2.56; P = 0.014), (c) more active (t 86 = 6.125; P < 0.001), and (d) more explorative (t 86 = −2.820; P = 0.006) than subordinates. The bottom and top of the box represent the first (Q1) and third quantiles (Q3) of the data, respectively (interquartile region [IQR] ). The horizontal line within the box represents the median. The whiskers end at the largest and smallest non-outliers. Outliers (1.5 × IQR above Q1 and below Q3) are represented by dots.
dominant (chi-square test: χ 2 = 5.949, degree of freedom [df] = 1, N = 116, P = 0.015). Crickets that called during initial behavioral trials were more likely to be dominant after social challenges than silent crickets (logistic regression: χ 2 = 8.608, df = 1, P = 0.003).
Of the behavioral measures, only explorative tendencies before the social challenge had a significant effect on calling behavior (logistic regression: χ 2 = 4.747, df = 1, P = 0.026), indicating that crickets that called during initial behavioral trials were also more explorative during those trials than crickets that did not call. Size did not significantly affect the probability of calling (logistic regression: χ 2 = 2.348, df = 1, P = 0.167).
Correlations across behaviors
Correlations are summarized in Table 2 . We found significant correlations between all 3 behavioral traits of behavioral variation before the social challenge: boldness (latency to emerge) significantly correlated with both exploration and activity. For individuals that did not change dominance status after the social challenge, boldness again correlated with both exploration and activity (Table 2) .
However, for individuals that changed dominance status after the social challenge, only boldness and activity were still correlated, whereas boldness and exploration were not (Table 2) . Furthermore, correlations between boldness and exploration differed significantly when comparing individuals that changed dominance to those that did not (Table 2) .
Repeatability
Repeatabilities for behavioral traits pooled across all social challenge outcomes and for the 4 possible status outcomes (DD, DS, SS, and SD) are summarized in Table 3 . For boldness, the 84% confidence intervals around the repeatability for individuals that did not change dominance status during the social challenge overlapped with the confidence intervals for individuals that did change dominance status and were thus not significantly different. For exploration, the confidence intervals for DD and SS individuals did not overlap with the confidence intervals for either DS or SD and were therefore significantly different. Likewise, the confidence intervals for DD and SS individuals did not overlap with the confidence 
Figure 4
Differences in behavior after social challenge (behavioral score after minus before) for boldness (latency to emerge), exploration, and activity. General linear models were significant for all 3 traits (boldness: F 3, 115 = 4.374, P = 0.006; activity: F 3, 74 = 8.827, P < 0.001; exploration: F 3, 74 = 6.450, P = 0.001). Size had no significant effect on behavioral trait (boldness: F 1, 115 = 0.026, P = 0.873; activity: F 1, 74 = 0.393, P =0.533; exploration: F 1, 74 = 0.537, P = 0.697). Individuals that did not undergo a dominance status change after a social challenge (DD and SS) did not alter their behavior over time. Individuals that underwent a dominance status change (DS and SD) shifted their behavior after the social challenge. Individuals that changed from dominant to subordinate (DS) had significantly increased latency to emerge and decreased explorative effort and activity after the social challenge. Individuals that changed from subordinate to dominant (SD) emerged significantly quicker and were more explorative and active after the social challenge. The bottom and top of the box represent the first (Q1) and third quantiles (Q3) of the data, respectively (interquartile region [IQR] ). The horizontal line within the box represents the median. The whiskers end at the largest and smallest non-outliers. Outliers (1.5 × IQR above Q1 and below Q3) are represented by dots.
intervals of either DS or SD in the activity scores and were therefore significantly different.
DISCUSSION
Here, we investigated the effects of dominance status on 3 different behavioral traits (boldness, exploration, and activity) using male field crickets (T. oceanicus). We looked at short-term behavioral plasticity and rank-order consistency in light of dominance status changes resulting from individuals being socially challenged. Furthermore, we assessed the degree to which between-individual behavioral correlations were present (i.e., behavioral syndromes).
The effect of dominance before a social challenge Dominants and subordinates differed significantly for all 3 behavioral traits before undergoing the social challenge, that is, dominant individuals were quicker to emerge from a shelter after a disturbance and they were also more explorative and active in an open environment. A possible explanation for such links between dominance status and boldness, exploration, and activity are winner and loser effects. Also called the "confidence" effect (Barnard and Burk 1979) , this pertains to the fact that individuals that lose an agonistic encounter are less likely to initiate and more likely to lose subsequent encounters, whereas winners are more likely to both initiate and win subsequent encounters (Simmons 1986 ). In T. oceanicus, for example, the probability of winning a fight after winning 5 consecutive fights is 87%, whereas the probability of winning after 5 consecutive losses is only 18% (Burk 1983) . Winner effects may persist for several hours (e.g., 1-6 h in the cricket Gryllus bimaculatus; Khazraie and Campan 1999) or even days (e.g., 2-6 days in the rodent Peromyscus californicus; Fuxjager et al. 2010) , with loser effects generally persisting longer than winner effects (e.g., Kasumovic et al. 2010 ). Our results are in line with the general observation that socially subordinate individuals tend to behave more reactively or shy than dominant individuals that act more proactively or bold (Verbeek et al. 1996; Koolhaas et al. 1999; Øverli et al. 2004) . Although male dominance has been linked to fertilization success in T. oceanicus (e.g., Simmons 1986; Thomas and Simmons 2009), long-term fitness may be similar for subordinate individuals that act cautiously and dominant individuals that act boldly (Hedrick and Riechert 1993; Dall et al. 2004; Dingemanse 2004 ) because of the potential costs of bold behavior. Additionally, it has been found that subordinate male T. oceanicus change their cuticular hydrocarbon profile to become more attractive to females, possibly increasing their mating success (Thomas and Simmons 2009 ). This further supports the notion that male reproductive success and lifetime fitness are influenced by the interaction of different traits (behavioral or otherwise) in this species. Dominant crickets were more likely to call than subordinates during the first behavioral trial and crickets that called during the first behavioral trial were more likely to win their social challenge, either becoming or remaining dominant. This is in line with studies showing calling effort to be positively correlated with competitive ability (e.g., Simmons 1986; Favati et al. 2014) . Furthermore, explorative effort (but not boldness or activity) was positively related to calling effort. If calling males have increased reproductive success (as is the case in the field cricket Teleogryllus commodus; Bentsen et al. 2006) , then dominance and exploration may both be subject to sexual selection.
Behavioral syndromes
When behaviors are inherently linked (e.g., hormonally or genetically), they can form a behavioral syndrome. For example, Wilson ADM et al. (2009) found positive correlations between mating, exploratory and antipredatory behavior in the European house cricket Acheta domesticus. Although limited behavioral plasticity resulting from behavioral syndromes may constrain the evolvability of certain behaviors Table 2 Spearman correlations (r s ± SE) and their significance between the 3 behavioral traits (boldness, exploration, and activity), both before and after the social challenge (SC) Behavioral traits r s Before SC P r s After SC; no change P r s After SC; change P z Between change and no change P The correlations after the SC were split into individuals that did change dominance status and those that did not; these correlations were compared using a z-test. The 95% confidence intervals around the correlations are also provided. The 84% confidence intervals (CIs) around repeatabilites are also provided. (Dochtermann and Dingemanse 2013) , natural selection may still favor these limits as it may be costly to produce and maintain behavioral plasticity (e.g., Dewitt et al. 1998) . Thus, behavioral syndromes may be able to explain potentially maladaptive or suboptimal behaviors. In this study, we found correlations between boldness, exploration, and activity before the social challenge, implying a behavioral syndrome across these behaviors; individuals that emerged quickly after disturbance were more exploratory and active in an open environment. However, we also found that the social challenge reduced some of these correlations for individuals that experienced a change in dominance status. The fact that boldness and activity remained correlated in these individuals implies that this syndrome is unaffected by such social interactions and that the underlying links between these behaviors are strong. The boldness-exploration correlations were reduced in magnitude when dominance changed, despite appearing to be strong before the social challenge or when status did not change during a challenge. Hence, short-term social interactions such as dominance status changes can relax apparently strong syndromes. This is of particular significance because syndromes are imputed to have such strong effects on constraining the evolution of behavior (Dochtermann and Dingemanse 2013) and the evolvability of certain behaviors may therefore be underestimated when excluding social interactions such as changes in dominance status.
Boldness
The effects of social challenge on behavior
The way in which individuals altered their behavior in response to a social challenge depended on whether or not individuals experienced a change in dominance status. Crickets that did not experience a change in dominance (DD, SS) did not alter their behavior in response to the challenge. Conversely, crickets that did experience a change in dominance status significantly altered their behavior in response to the challenge. Interestingly, the behavioral differences between dominants, regardless of their previous status, were negligible after the social challenge and the same pattern was observed in subordinates. The winner/loser effect may again provide an adequate explanation for our findings as individuals that lose a contest may, at least for some time, avoid encounters with other males, whereas winners may become more "confident." Indeed, winning has been found to induce hyperaggression transiently in the cricket G. bimaculatus via activation of the octopaminergic system (Rillich and Stevenson 2011) . Such behavioral changes in response to the outcome of contests may indeed be adaptive. Losers may alleviate potential costs of encountering other males or predators by acting more cautiously, thus increasing their long-term fitness. Winners, on the other hand, may increase their short-term reproductive and/or foraging success by behaving less cautiously at the risk of predation or multiple, costly encounters with other males. Interestingly, Thomas and Simmons (2011) showed that dominant male T. oceanicus also change their cuticular hydrocarbon profile to more closely resemble subordinates after losing contests to other dominant males and suggested that males may switch signaling modalities to avoid encounters with dominant males. Our study is the first, to our knowledge, to document short-term behavioral plasticity in response to changes in dominance status. We encourage further research into the way in which changes in dominance status, or other expressions of internal state, affect the levels of behavioral expression in other species, both in the short term and in the long term.
Repeatability
For this study, we used repeatability as a measure of the consistency of between-individual behavioral differences. Increases in both inter-individual variation and intra-individual correlation will result in higher repeatabilities. This measure therefore adequately represents the animal personality concept, as it takes into account both the behavioral differences between individuals and the individual consistency of those behaviors. The overall repeatability of behaviors in animals was found to be 0.37 in a meta-analysis conducted by Bell et al. (2009) . Here, we report repeatabilities slightly higher than the average for insects (0.36; Bell et al. 2009 ): 0.52 for boldness, 0.44 for explorative behavior, and 0.47 for activity overall. In general, behaviors measured in the wild appear to be more repeatable than in the laboratory (Bell et al. 2009 ). However, the repeatabilities found here are markedly higher than recent estimates in a wild population of another field cricket, Gryllus campestris (Fisher et al. 2015) , which were 0.06, 0.12, and 0.21 for boldness, exploration, and activity, respectively. One possible reason for such relatively high repeatabilities may be the short intervals of roughly 2-2.5 h between observations in this study. In general, repeatability estimates tend to be higher when behaviors are measured close together in time (Bell et al. 2009 ). Our results show that there was no change in behavioral expression and considerable repeatability (e.g., Figure 1a ) when individuals retained their dominance status after the social challenge. However, changes in dominance status had a disruptive impact on the short-term repeatability of exploration and activity (e.g., Figure 1d , low repeatability and no change in the levels of behavioral expression), but not boldness (e.g. Figure 1c , high repeatability and significant changes in the levels of behavioral expression). In addition, the amount of variation in boldness explained by dominance status appeared to be lower than that of exploration and activity, both within and between individuals. The relative stability of boldness despite its correlations with the more plastic exploration and activity is intriguing. On the one hand, boldness is likely to be more heritable than explorative behavior or activity because short-term environmental effects did not reduce its repeatability; on the other, there is small comfort for those hoping to adopt the "phenotypic gambit" (Brommer 2013; Dochtermann et al. 2014 ) to estimate heritability from repeatability, because it is impossible to know which short-term environmental effects may erode personality.
This study raises questions regarding the long-term effects of changes in dominance, for example, how long it would take personalities of individuals that experience a status change to revert to levels similar to individuals that did not change dominance. Our results support the theoretical notion that the consistency of between-individual behavioral differences may depend on past and current social interactions. Consistent individual behavioral differences can be a result of consistent individual variation in how individuals perceive their social environment because individuals respond plastically to their perceived social environment. We suggest that social interactions, such as dominance status, need to be considered when assessing repeatabilities of behaviors (and therefore the strength and/or presence of personality), as they may be subject to fluctuations over time in response to such interactions. Ignoring social interactions may therefore lead to the inference of personality when there is none or to overestimating/underestimating the strength of personality.
Interacting phenotypes and the evolution of personalities
Little is known of the relationship between short-term changes in social status and personality traits. Here, we investigated the complex interplay between dominance status and the plasticity and consistency of different personality traits. We showed that changes in dominance status disrupt the repeatability and between-individual correlations of some behaviors. We can conclude that wherever stable social hierarchies are present, personalities and syndromes may be inflated. We therefore suggest that dominance status (and possibly other expressions of internal state) need to be considered when investigating animal personalities or using repeatabilities to infer a genetic contribution to personality traits (e.g., Dochtermann et al. 2014) . Furthermore, we found differences in the way in which changes in dominance status affected between-individual correlations of certain behaviors and suggest that such social interactions are also considered when investigating behavioral syndromes. Previous studies have often focused on dominance status at a given point in time and its relation to personality or syndromes; including changes in dominance status over time in such studies would be informative of the reliability of these estimates. The negligence of social interactions could explain the lower repeatabilities of behaviors found in some studies on wild populations (e.g., Fisher et al. 2015) as individuals may be subject to frequent changes in dominance status.
Through social interactions with conspecifics, individuals can have effects on the behavior or level of behavioral expression of other individuals in the population (interacting phenotypes; Moore et al. 1997; Wolf et al. 1999) . If those traits affect an individual's ability to access food or mates or its fecundity, then social interactions may affect fitness and the behavioral traits in question will be subjected to selection. For example, Wilson AJ et al. (2009) found that social behaviors in deer mice (Peromyscus maniculatus) emerge from interactions of multiple phenotypes and thus do not belong to any specific individual. Here, we found that boldness, exploration, and activity were expressed differently depending on the outcome of social interactions. Thus, an individual's behavioral phenotype was affected by the individuals it interacted with. Because behavioral traits such as boldness, exploration, or activity can influence access to food or mates, social interactions may thus have carryover fitness consequences for the interacting individuals and result in differential selection. Social interactions are unique in that they can be considered environmental but also genetic. The expression of genes in one individual can influence the phenotype of another, conspecific individual, a phenomenon termed an indirect genetic effect (Wolf et al. 1998) . When the social environment gives rise to indirect genetic effects, such effects can provide a source of heritable variation for selection to act upon. Our study does not allow us to identify a genetic component to the social environment. However, future work should use quantitative genetic approaches to allow for a more complete understanding of the evolutionary dynamics of socially induced behavioral plasticity and its consequences for the evolution of animal personalities. We thank Carly Wilson and Carl Schmidt for their help in constructing the experimental setup. We thank Maxine Lovegrove and Soon Hwee Ng for their help with cricket husbandry and Bruno Buzatto and Angela Eads for their help with some of the statistical analyses. We also thank 2 anonymous reviewers for their valuable feedback that helped improve this manuscript.
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